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Synthesis, detailed geometric analysis and bondvalence method evaluation of the strength of p-arene bonding of two isotypic cationic prehnitene tin(II) complexes: [{1, 2, 3, (2), were isolated. In these first main-group metal-prehnitene complexes, the distorted 6 arenebonding to the tin atoms of the Sn 2 Cl 2 2+ moieties in the centre of [{1,2,3,4-(CH 3 ) 4 À is the slightly weaker coordinating anion as compared to [GaCl 4 ] À .
Chemical context
Compounds that are known today to have arene (= benzenoid) molecules -bonded to main-group metal central atoms have been studied since the late 19 th century (Smith, 1879; Smith & Davis, 1882; Lecoq de Boisbaudran, 1881) . The best recognized work of the early period seems to be the series of investigations by Menshutkin, exploring the composition of compounds in systems of the type EX 3 /arene (E = As, Sb; X = Cl, Br), subsequently often referred to as 'Menshutkin complexes' (e.g. Menshutkin, 1911) . However, the nature of bonding in such compounds remained unclear until the first structure determinations of p-block-metal-arene complexes were published in the late 1960s (Lü th & Amma, 1969; Hulme & Szymanski, 1969) . Although a significant number of cationic ISSN 2056-9890 main-group metal--arene complexes have been synthesized and structurally characterized since then (see review by Schmidbaur & Schier, 2008) , the knowledge of isotypic pairs containing the same cation but different anions is so far limited to two couples of bis (arene) Frank et al., 1996) . Only the latter pair was compared in detail.
We herein describe the synthesis and structural investigation of {[{1,2,3,4-(CH 3 ) 4 (Weininger et al., 1979; Frank, 1990a; Schmidbaur et al., 1990 ; for further information see Section 4), a detailed analysis of the structural parameters of the isotypic cationic tin(II)--arene title complexes allows for: (i) identification of the intrinsic features of the -bonding geometry of mono(arene) complexation in this class; (ii) investigation of the impact of anion change on the -bonding situation unaffected by more principal structural differences; (iii) the indirect estimation of an empirical bond valence for the -arene bonding as introduced to organometallic chemistry by one of us in the early 1990s (Frank, 1990a,b,c) . The title compounds are the first main-group metal-prehnitene complexes. Strictly anhydrous conditions are needed for successful syntheses from the ternary halides SnMCl 5 (= (SnCl) [MCl 4 ]; M = Al, Ga; Schloots & Frank, 2016) and prehnitene (1,2,3,4-tetramethylbenzene) in the inert solvent chlorobenzene and for the subsequent crystallization.
Structural commentary
The asymmetric units of the isotypic compounds 1 and 2 consist of one half of a Sn 2 Cl 2 2+ moiety close to a centre of inversion, one [MCl 4 ] À moiety and one prehnitene molecule, all in general positions. As shown in Fig. 1 , these components define one half of the centrosymmetric building block that represents the crystallographic repeating unit of a coordination-polymeric chain in which [{1, 2, 3, (Schmidbaur et al., 1987) ] are as expected, taking into account the mode of association of these species in the polymeric chains. For 1, a section of this chain involving three repeating units is displayed in Fig. 2 . Considering the dimensions of the repeating unit along the chain concatenation direction [010] and the orientation of the SnÁ Á ÁSn i connection line with respect to this direction, the secondary structure of 1 and 2 established by the mode of concatenation differs principally from all other related structures apart from that of the mesitylene derivative. However, for this derivative the tertiary structure established by the arrangement of columns is entirely different. A more detailed discussion of the packing is given in Section 3.
Two primary and three secondary bonded chlorine atoms of the dimeric cation and the metallate anions, respectively, as Figure 1 Asymmetric units of the crystal structures of 1 (top) and 2 (bottom) displaying the atom-labelling schemes, and in transparent mode the symmetry-related second half completing the dimeric building block that defines the repeating units of the coordination polymeric, secondary structure of the compounds[(symmetry code (i) 1 À x, Ày, 1 À z]. The direction of secondary bonding to atoms of the neighbouring moieties is indicated by thin sticks. Displacement ellipsoids are drawn at the 50% probability level, hydrogen atoms are drawn with an arbitrary radius.
well as one -coordinating prehnitene molecule establish the coordination sphere around the Sn II central atom (Fig. 3 ). Considering the arene -ligand as occupying one coordination site only, the coordination number is six. The range of cis-ClSn-Cl angles [1: 66.360 (18)-120.01 (2) ; 2: 67.82 (2)-121.37 (3) ] is far from allowing the coordination to be described as octahedral, and in our feeling a description aspentagonal bipyramidal with the arene ligand and Cl2 in axial position ( 2+ fourmembered ring species as mentioned above. Finally, in the absence of -the transition-metal-specific --arene backbonding, it is not unexpected that no significant influence of the Sn II coordination on the prehnitene six-membered ring geometry is found in comparison with the results of DFT calculations (Becke, 1993) for non-coordinating prehnitene (Table 1) .
The -bonding interaction in 1 and 2 is of medium strength on the overall scale including all types of arene -bonding, but strong on the scale of non-covalent main-group metal-arene bonding, as easily illustrated by the application of the bondvalence method according to the formalism of Brown (2009) Table 1 Selected bond lengths and contact distances (Å ) in 1 and 2 and corresponding ring slippage values and bond valences, calculated using the Brown formalism (Brown, 2009) with r 0 = 2.42 and B = 0.39 (Frank, 1990a) . Cnt arene = arene centre; Lsqpl arene = arene plane.. C . . . C bond lengths were calculated on the B3LYP/6-311++G(d,p) level of theory using the GAUSSIAN09 program package (Frisch et al., 2009 
Figure 2 Coordination polymeric chain in the crystal of 1 [view direction [100]; symmetry codes:
Features indicative of the mode of concatenation of the characteristic building blocks are: (i) the parallel orientation of the Sn1Á Á ÁSn1 i connecting line with respect to the chain building direction; (ii) the exclusively translational character of chain growth.
Figure 3
Sn II coordination environment of 1 illustrating the ring slippage (left) and the arene tilt angle (right; displacement ellipsoids drawn at 50% probability level). Symmetry codes:
A more detailed analysis of M-Cl, Sn-Cl and Sn-Cnt arene distances shows that the anion change does not have impact on the bonding within the (Sn 2 Cl 2 ) 2+ moiety, but a small but significant influence can be traced along a path of bonding from the central atom M1 of the anion to the arene ligand [Al1(Ga1)-Cl2-Sn1-Lsqpl arene [1: 2.1715 (9), 3.0340 (7), 2.6898 (11) Å ; 2: 2.2159 (9), 3.0155 (9), 2.6997 (14) Å )]. Fully consistent with the observation that the Sn II -arene distance is shorter in the aluminate, the distance to the trans-ligand Cl2 is longer and Al1-Cl2 (= Al1-Cl mean + 1.8%) is relatively shorter than Ga1-Cl2 (= Ga1-Cl mean + 1.95%). In both 1 and 2, the tinarene bonding is remarkably stronger than the bonding to the Cl2 ligand in the trans-position [s(Sn-Cl2) = 0.21 (1) (Frank et al., 1987) is closely related to the Sn II coordination sphere of 1 and 2.
Supramolecular features
As in all {[(arene) 2 Sn 2 Cl 2 ][AlCl 4 ] 2 } x structures described before [arene = benzene, toluene (two polymorphs), p-xylene, mesitylene (see Section 4 and for a detailed comparison; Frank, 1990a) , in both 1 and 2 the chains (propagating along [010] ) are aligned parallel to each other, resulting in a distorted hexagonal packing of rods. However, taking into account primary, secondary and tertiary bonding, the crystal structure of 1 and 2 is unique. Exemplarily, Fig. 4 shows the packing of 1, mainly characterized by the face-to-face orientation of the prehnitene ligands of neighbouring columns in direction [001] . The orientation of the arene molecules arranged parallel to each other suggests the presence ofinteractions. However, the distance between the best planes of the prehnitene ligands in discussion is greater than 3.6 Å and only 'conventional' van der Waals interactions have to be assumed in this direction. A Hirshfeld analysis of the [(1,2,3,4-tetramethylbenzene) Hydrogen-bond geometry (Å , ) for 1. Symmetry code: (i) Àx þ 1; Ày þ 1; Àz þ 1.
Table 3
Hydrogen-bond geometry (Å , ) for 2. 
Database survey
A search of the Cambridge Structural Database (Version 5.40, update November 2018; Groom et al., 2016) for tin(II) complexes with arene (benzenoid) ligands, displaying at least three bonds of type 'any' between the tin central atom and carbon atoms of the arene moiety, resulted in 15 hits, including SPHOSN (Lefferts et al., 1980) with 6 but extremely weak intramolecular bonding to the phenyl group of a dithiophosphate ligand. Because some of the complexes known to the authors are missed by this search strategy, in addition a search for structures displaying at least three SnÁ Á ÁC nonbonded contacts shorter than 3.67 Å (equal to the sum of van der Waals radii (3.87 Å ) minus 0.2 Å ) was performed and gave an additional 26 hits. However, all but six of these are associated with very weak and/or strongly distorted intra-or intermolecular contacts to phenyl or phenylene groups within one molecule or between same molecules in the solid. Of the 15 + 6 structures identified by this dual search strategy, six (BENZSN10, Rodesiler et al., 1975; IZUXAD, Schä fer et al., 2011; JAVJIZ, Schmidbaur et al.,1989c; KIKDIR, Probst et al., 1990; ZEMFAB and ZEMFEF, Schleep et al., 2017a) (Birchall & Johnson, 1981 (Schleep et al., 2017b) . ZEMFIJ contains the mesitylene-complexed dimeric bromidostannylene cation (Sn 2 Br 2 ) 2+ (Schleep et al., 2017a) . Of the remaining ten structures, all containing the dimeric chloridostannylene cation (Sn 2 Cl 2) 2+ , one is a bis(arene)chloridotin(II) tetrachloridoaluminate (VAWCAX Schmidbaur et al., 1989b) , one a mono(arene)chloridotin(II) tetrachloridogallate (JENMEU; Frank, 1990b) and eight are mono(arene)-chloridotin(II) tetrachloridoaluminates, including the triptycene complex VOGXEU (Schmidbaur et al., 1991) , the benzene complex CBZSNA10 (Weininger et al., 1979) , the polymorphic toluene complexes VEXHOV and VEXHOV01 (Frank, 1990a) , the p-xylene complex CPXSNA10 (Weininger et al., 1979) , the mesitylene complex SESSOY and SESSOY01 (Frank, 1990a) and the hexamethylbenzene complex SANMUP (Schmidbaur et al., 1989a) . Like the title structures, the benzene, toluene, p-xylene and mesitylene complexes are coordination polymers with bridging [AlCl 4 ] À anions; however, none of these is in a homotypic relationship to the title structures or to one of the others. Considering arene complexes of p-block elements in general, there is only one AlCl 4 À /GaCl 4 À -isotypic pair of compounds known, viz. the bis(arene)thallium tetrahalogenidometallates ZOFGEG and ZOFGAC (Frank et al., 1996) . Finally, 1 and 2 are the first main-group metal-prehnitene complexes. 
Synthesis and crystallization
Synthesis and crystallization of 1 and 2 were carried out under an argon atmosphere applying strictly anhydrous conditions using a glass vacuum line equipped with J. Young high-vacuum PTFE valves. Gallium trichloride was used as purchased (Sigma Aldrich, 99.999%), aluminum trichloride (Sigma Aldrich, 99.99%) was purified by repeated sublimation, SnCl 2 (Acros Organics, 98%) was dried with acetic anhydride, the prehnitene/chlorobenzene (Alfa Aesar, 95%; Acros Organics, 99+ %) mixture purified and dried through an alumina packed column. Both 1 and 2 can be obtained using the 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . The positions of all hydrogen atoms were identified via subsequent difference-Fourier syntheses. In the refinement a riding model was applied using idealized C-H bond lengths [0.94 (CH) and 0.97 (CH 3 ) Å ] as well as H-C-H and C-C-H angles. In addition, the H atoms of the CH 3 groups were allowed to rotate around the neighbouring C-C bonds. The U iso values were set to 1.5U eq (C methyl ) and 1.2U eq (C ar ). program(s) used to refine structure: SHELXL2018/3 (Sheldrick, 2015b) ; molecular graphics: DIAMOND (Brandenburg, 2018) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
